8| SPIE's oemagazine | O c t o b e r 2 0 0 5 | cavity length. The pump source was a fiber-coupled diode laser with a core diameter of 400 µm, numerical aperture of 0.22, and a center wavelength of 806 nm. The diode laser was pulsed at 100 Hz to control the repetition frequency of the passively Q-switched laser.
frequency oscillation. We found it ideal for generating sharp-spectrum, single-frequency terahertz waves in our own experiments."
"Tightly focused spots with high energy density are a must for laser microfabrication," says Yoshihiko Matsuoka of the National Institute of Advanced Industrial Science and Technology (Tsukuba, Japan). "Taira and his team have achieved a high-quality, high-brightness, compact, stable laser source. Hereafter, we think a microchip laser such as Taira's may be used as a power application for microfabrication." -Charles Whipple S emiconductor nanocrystals are of great interest due to their small size and unique electronic, optical, and magnetic properties, which can be utilized in a variety of technologies; however, it has proven more difficult to dope impurities into nanocrystals rather than into their bulk crystalline counterparts. This problem led to the widely accepted belief that nanocrystals were intrinsically difficult to dope due to a self-purification process that expels impurities from their interior.
In collaboration with scientists at the University of Minnesota (Minneapolis, MN), researchers at the Naval Research Laboratory (NRL; Washington DC) discovered the true doping mechanism in semiconductor nanocrystals and showed that in order to be incorporated, impurities must be able to bind to the nanocrystal surface for a period of time long enough to be incorporated into the nanocrystal. This
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Doping Mechanism in Nanocrystals Is Now Understood
Taira and his research team succeeded in creating a very compact high-power Nd:YAG laser.
( ) Nanocrystals of zinc selenide can be controllably doped with atoms of manganese, which selectively adsorb on certain crystal facets before being incorporated. The background image shown is a transmission electron micrograph of zinc selenide nanocrystals.
( )
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Microchip continued from page 7
| O c t o b e r 2 0 0 5 | SPIE's oemagazine |9 EYE on technology concept enabled the team to predict conditions favorable for doping in a wide variety of nanocrystal systems. "This simple idea explains both the general difficulties with doping nanocrystals due to the small relative fraction of 'sticky' surfaces and the specific difficulties with hexagonal structured nanocrystals due to the underlying hexagonal crystal structure, which naturally leads to less sticky surfaces, compared to the more commonly occurring cubic crystal structure," explains NRL materials researcher Steve Erwin.
The group studied zinc selenide (ZnSe) nanocrystals with 25-50 Å diameters. "We focused on manganese (Mn) as a dopant, because its photoluminescence properties enable detailed optical characterization of Mn-doped nanocrystals and because electron paramagnetic resonance can be used to distinguish Mn that is inside the nanocrystal from Mn that is stuck to the surface" Erwin says. However the team's conclusions are not limited to either ZnSe nanocrystals or Mn dopants, as the general principle of surface binding applies to many other systems.
This novel concept may pave the way for the development of a variety of new technologies ranging from high-efficiency solar cells and lasers to futuristic "spintronic" and ultrasensitive biodetection devices. -Phillip Espinasse N anotube-based electronics use multiple carbon nanotubes fixed to substrates that are subjected to complex deformations during manufacturing. Conventional manufacturing methods use chemical vapor deposition for growing nanotubes in a pattern on a silicon chip, however, this process does not control the direction of nanotube growth, makes it difficult to separate metallic from semiconducting nanotubes, and produces nanotubes with larger diameters than required for electronic switches.
Physicists at the University of Pennsylvania (Philadelphia, PA) circumvented these issues by growing large quantities of 200-to 300-nm-long single-walled carbon nanotubes (SWNTs) with average diameters near 1 nm. The physicists used a high-pressure carbon monoxide (HiPCO) method.
The group's approach to making useful electronic devices from SWNTs is to start with bulk material and process it so that individual SWNTs are suspended in a solution of water and surfactant. Positions on the substrate where SWNTs are supposed to go are then covered with a self-assembled molecular monolayer that acts as "glue" for the surfactantcoated SWNTs. When the substrate is dipped into a SWNT suspension, SWNTs stick in the desired locations. The surfactant is then removed, and metal electrodes are fabricated using ordinary lithographic techniques to complete the electrical circuit.
"The properties of carbon nanotubes are so remarkable, it seems as if nature has created them for application in electronic devices," says A. View a corrected version of the article online at oemagazine.com/fromTheMagazine/aug05/ testtalk.html. We regret any confusion this error may have caused.
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Nanotube-based Electronics Enable Smaller Circuits
